INTRODUCTION
The conventional method of detecting partial discharges in voids consists of recording potential or current transients at the terminals of the system. These transients occur due to the electricification by electrostatic induction of the detecting electrode [ l ] . The primary field source which gives rise to this phenomenon is the surface charge distribution on the wall of the void, brought about by partial discharge activity. Electricification by induction would not arise if the charges within the void did not distort the field external to the void.
A direct calculation of this external field distortion would be possible if we knew the location of the void and the distribution of charges within the void. In general, however, this knowledge is not available. Nevertheless, we can obtain reliable information on this important problem from a knowledge of the charge induced on a detectingelectrode/system-terminal.
Viewed from the detecting electrode, the charges deposited on the wall of the void (both +ve and -ve) can be considered to a first approximation as an electric dipole configuration of dipole moment p . This is justifiable, as the net charge within the void remains zero. The Poissonian induced-charge q ( t ) which arises from such a dipole is given by [ Z ] + The Poissonian induced-charge is that part of the charge on the electrode which together with the charge distribut-ion on the wall of the void is the source for the Poissonian part of the field distribution [l]. X is a dimensionless positive scalar function which relates the charge in the dielectric to the charge induced on the detecting electrode; it is simply a proportionality factor. The X function is a solution of the general Laplace equation for the following boundary conditions. X = 1 at the detecting electrode and X = 0 at czz other electrodes [ 2 ] .
If we measure q ( t ) , and know the location and shape of the void, the dipole moment of the charges within the void can be obtained from (1).
This requires a knowledge of A. Owing to the presence of the void, a direct calculation of X becomes cumbersome. We can simplify the procedure by considering the value which X would attain at a location identical to that of the void, but with the entire dielectric system now assumed void-free. Let us denote this function by lo. The two functions are related by 131
with 1 < h < where E tric in which the void is embedded. If we restrict this concept to voids of simple form, such as spheroids, and to isotropic dielectrics, then h is a scalar. Generally however h will be a tensor. For a spherical void h is given is the relative permittivity of the bulk dielecby h = -3Er
We note that h depends simply ~r l and the shape of the void.
The relationship between Poissonian induced-charge and space-charge dipole-moment may thus be written in the form
In the present study, we quantify the external field perturbation associated with the dipole moment, and discuss its relevance as a contributing factor towards the failure in electrical insulation capability of a solid dielectric.
FIELD PERTURBATION I N BULK DIELECTRIC
The n a t u r e of t h e f i e l d p e r t u r b a t i o n i n t h e bulk d i e l e c tr i c can be a s s e s s e d through a simple model. Consider a p o i n t d i p o l e p l o c a t e d a t t h e c e n t r e of a spherical void i n an extended d i e l e c t r i c with c o n s t a n t p e r m i t t i v i t y . With r e f e r e n c e t o Fig.1 , t h e p o t e n t i a l A$(r,a) a s s o c i a t e d with IJ a t a p o i n t P outside t h e void, i . e . , f o r r . 2 R , where R
i s t h e r a d i u s of t h e s p h e r i c a l v o i d , i s given by
+ where a i s t h e a n g l e between t h e d i r e c t i o n of p and t h e
l i n e from t h e d i p o l e t o t h e p o i n t i n q u e s t i o n . To t h i s p o t e n t i a l should be added t h e p e r t u r b a t i o n from t h e induced charge on t h e e l e c t r o d e . However t h i s c o n t r i b u t i o n can be n e g l e c t e d s i n c e we a r e only i n t e r e s t e d i n t h e f i e l d i n t h e v i c i n i t y of t h e void.
The f i e l d s t r e n g t h AE a t P can be considered as t h e sum of two components. A component AE o r i e n t a t e d i n t h e d i re c t i o n of r , and i d i n t h e plane c o n t a i n i n g r and p , These components a r e given by + + 1 + d i r e c t e d a t r i g h t a n g l e s t o + 2 + Fig.1 . E x t e r n a l € i e l d d i s t o r t i o n model.
This field perturbation attains its maximum value in the solid dielectric at A and B, see Fig.1 , i.e. f o r r + R and a = 0 and a = I T .
On introducing the void volume n = -TI? , It is important to observe that, with respect to partial discharge evaluation, the concept of p is derived from a multipole expansion [ 2 ] , and thus p cannot be used to estimate the actual field distribution within the void.
+ +

Partial Discharges and Dipole Moments
In the following we continue to restrict our analysis to small spherical voids such that the internal field can be considered to be effectively uniform prior to the first discharge. A partial discharge can develop when the applied field within the void reaches the inception value E . .
The ensuing discharge results in a buildup of charge on
t h e s u r f a c e of t h e s p h e r i c a l void t h a t subsequently reduces t h e f i e l d w i t h i n t h e void. The d i s c h a r g e i s u l t i m a t e l y quenched when t h e maximum v a l u e of t h e i n t e r n a l f i e l d i s reduced t o t h e l i m i t i n g v a l u e EL; i . e . t h e f i e l d v a l u e below wkich i o n i z a t i o n growth i s impossible f o r t h e void gas p r e s s u r e i n q u e s t i o n .
To s i m p l i f y t h e a n a l y s i s we w i l l assume t h a t t h e i n t e r n a l f i e l d remains uniform and t h a t t h e e n t i r e s p h e r i c a l volume i s a c t i v e i n t h e discharge. This makes i t p o s s i b l e t o q u a n t i f y t h e d i p o l e moment of t h e s u r f a c e charge d i s t r ib u t i o n i n t h e void. Even i f t h e s e assumptions a r e n o t nece s s a r i l y f u l f i l l e d i n p r a c t i c e , t h e g
e n e r a l conclusions which can be drawn from t h e a n a l y s i s w i l l remain v a l i d .
The above approach was adopted p r e v i o u s l y by t h e a u t h o r s [31. From t h a t study t h e d i p o l e moment of t h e s u r f a c e charges deployed by a s i n g z e d i s c h a r g e i n a s p h e r i c a l v o i d
may be expressed a s
Upon s u b s t i t u t i n g ( I O ) i n t o ( 9 ) we o b t a i n This v a l u e r e p r e s e n t s t h e i n i t i a l value of t h e f i e l d d i st o r t i o n i n t h e bulk of t h e d i e l e c t r i c a t A (and B ) , s e e
Fig.1, as a r e s u l t of t h e f i r s t d i s c h a r g e . It should be noted t h a t t h e d i s t o r t i o n remains a t t h i s v a l u e even a f t e r t h e d i s c h a r g e i s quenched, a s i t i s d i r e c t l y l i n k e d with t h e c h a r g e s which have been d e p o s i t e d on t h e s u r f a c e of t h e void.
For a s p h e r i c a l void of volume 1 mm3 f i l l e d with a i r a t a p r e s s u r e of 0.1 MPa, t h e streamer c r i t e r i o n [ 3 ] y i e l d s t h e following v a l u e f o r E . : v i z . ,
Hence, t h e v e r y f i r s t d i s c h a r g e could g e n e r a t e a f i e l d d i s t o r t i o n w i t h i n t h e s o l i d d i e l e c t r i c , i n t h e proximity of t h e v o i d , of t h e o r d e r of
This is a value of field stress which must be taken seriously in insulation design, especially if we bear in mind that this figure might increase by several fold. This would be the case if the first discharge were followed by a series of similar discharges in the same direction, as each successive discharge would additively effect the distortion of the field. Moreover, the applied f i e l d , which promotes the partial discharge development within the void, and the ensuing dipole f i e l d are, external to the void, copamZZeZ. Consequently, in the proximity of the void, partial discharging will result in a potentially-damaging field-enhancement buildup within the bulk dielectric.
DISCUSSION
Through the application of electromagnetic field theory to the subject of partial discharges, it is shown that discharging in a void generates large field distortions within the bulk dielectric, in the proximity of the void. Such inherent over-stressing of a dielectric could be the effect which triggers the onset of electrical treeing and other damaging processes, and which subsequently precipitates the breakdown of the insulation.
The above insight cannot be gained from the capacitancemodel approach, an approach upon which partial discharge detection procedures and standards of today are based. According to this latter approach, the electrical signals which can be detected at the system terminals are to be associated purely with changes in system capacitance. The actual form of the internal field distribution is, in the capacitive model, viewed as unperturbed and the field distribution is Laplacian.
The basic parameter in our field-theoretical approach is the dipole moment p , which relates the surface charges accruing within the void following discharge activity. In the present study this parameter is evaluated by relating the wall-charge internal-field to the field strength required to suppress the discharge growth. However, in practice, p could be evaluated if the Poissonian inducedcharge q on the electrode/system-terminal were determined from measurement 111.
-b
As has been shown previously [ 2 ] , proportionality exists between p and q as expressed in (1). A knowledge of A, and of the function q ( t ) from practical measurements, would allow the variation of p with time to be determined at any location within the dielectric. In particular, a knowledge of the maximum value of p(t), pm, for a sequence of discharges, would enable maximum stress-levels to be estimated. Thus, from such measurements, a sound basis for the correct dimensioning of the insulation could be achieved. 
CONCLUSION
Using a field-theoretical approach, the existence of a substantial field enhancement in a solid dielectric, near to a void undergoing partial discharging, is shown to be an inherent consequence of such discharge activity.
It has not escaped our notice that such a localized stress enhancement has very considerable practical implications. For example, if there were a train of partial discharge events per power frequency cycle, then, during each half period, these events would lead to accumlative stress levels within the solid dielectric. We thus conclude that stress cycling of this nature is the mechanism which is responsible for the initiation of electrical treeing and other insulation-degrading processes, and which ultimately brings about the complete rupture of the solid dielectric.
